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Abstract: Recent paleobotanical studies on petrified woods revealed valuable information about the Miocene-period trees of Turkey.
The purpose of this study is to present new descriptions from the Pliocene of central Anatolia. The materials were collected from a
new fossil site of Pliocene age in the village of Yıprak (Çerkeş, Çankırı, Turkey) in central northern Turkey. With this study, a new
fossil genus, Cercioxylon Ü. Akkemik, related to modern Cercis L., and a new fossil species of Cupressinoxylon were described, and a
long presence of taxodioid type trees from the late Oligocene to Pliocene of Turkey were discussed. The wood composition showed
that the area had a lowland riparian forest type composed of Taxodioxylon, with lowland semidry vegetation composed of Cercioxylon
and Cupressinoxylon. This type of vegetation, excluding the presence of Taxodioxylon, is rather similar to modern vegetation in the
Mediterranean region.
Key words: Silicified wood, Pliocene, Taxodioxylon gypsaceum, Cupressinoxylon pliocenica, Cercioxylon zeynepae, central Anatolia,
Yıprak

1. Introduction
Petrified wood descriptions reveal local forest information
from the Neogene of Turkey. The Miocene is the geological
time period that produced the most significant amount of
petrified woods in Turkey (Akkemik et al., 2009, 2016,
2017, 2018). Paleobotanical studies based on petrified
woods revealed highly valuable information on the forest
structure of the Miocene. Akkemik et al. (2009) described
a swamp forest in the central part of Galatean Volcanic
Province composed of Sequoia and Taxodium. Akkemik
et al. (2016) explained a composite forest structure from
the sea coast to the uplands having Palmae, Liquidambar,
Salix, and Juniperus in the lowlands and shores, as well
as Pinus, Cedrus, Juniperus, Picea, Ulmus, and Zelkova.
Akkemik and Sakınç (2013) discovered a swamp forest
that existed in Thrace during the late Oligocene to early
Miocene of Sequoioxylon. Recently, Akkemik et al. (2017)
described Glyptostroboxylon from the early Miocene of
Turkey.
During the Miocene, a warm and subtropical climate
existed in the Mediterranean Basin and Europe. Güner et
al. (2017) and Denk et al. (2017a, 2017b, 2017c) explained
that the climate was warmer and similar to the subtropical
climate of southeastern Asia at present. The presence of

Sequoioxylon and Taxodioxylon (Özgüven-Ertan, 1971;
Akkemik et al., 2005, 2009; Akkemik and Sakınç, 2013;
Bayam et al., 2018), Cupressinoxylon (Özgüven-Ertan,
1977), macrofossils of Sequoia (Denk et al., 2017a; Güner
et al., 2017), and sequoia type pollen (Karlıoğlu et al.,
2009) reflects a warm and humid subtropical climate in
the Miocene.
Regarding fossil species of Sequoioxylon and
Taxodioxylon, many studies were performed (e.g., Greguss,
1967; Özgüven-Ertan, 1971, 1983; Yang and Zeng, 2003;
Erdei et al., 2009; Blokhina et al., 2010; Dolezych, 2011;
Iamandei et al., 2013; Koutecký and Sakala, 2015; Tian
et al., 2018). Sequoioxylon and Taxodioxylon descriptions
were given from the Oligocene of Thrace (Özgüven-Ertan,
1971; Akkemik et al., 2005; Akkemik and Sakınç, 2013),
the early Miocene of central Anatolia (Akkemik et al.,
2009), and the Pliocene of central Anatolia (ÖzgüvenErtan, 1983).
There is debate about the usage of Sequoioxylon or
Taxodioxylon (Blokhina et al., 2010; Tien et al., 2018).
The name Taxodioxylon was used first by Gothan in 1905,
and in 1948 it was proposed by Hartig for usage for all
woods of the tribe Sequoieae (Sequoia, Sequoiadendron
Bucch., and Metasequoia Miki), Taxodieae (Taxodium),
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and Cunninghamieae (Athrotaxis D. Don.). Subsequently,
some authors used Taxodioxylon (e.g., Biondi and
Brugiapaglia, 1991; Süss and Velitzelos, 1997; Erdei et al.,
2009), and some used Sequoioxylon (e.g., Greguss, 1967;
Basinger, 1981; Özgüven-Ertan, 1983; Blokhina, 1986,
1997; Blokhina and Nassichuk, 2000; Akkemik et al., 2005,
2009; Blokhina et al., 2010; Akkemik and Sakınç, 2013).
Very recently, Tian et al. (2018) discussed taxodioid wood
again. They suggested that if the wood has a traumatic
resin canal, it should be called Sequoioxylon. but if it does
not, it should be called Taxodioxylon.
More descriptions of petrified wood in Turkey are
needed, as further studies have the potential to describe
new species. The purpose of this paper is to describe new
species from the Pliocene of central northern Anatolia and
to present the long presence of Taxodioxylon in Turkey.
2. Material and methods
2.1. Study area
The study area (fossil site) is located in the north of central
Anatolia, close to Yıprak village of Çerkeş in the province
of Çankırı at 40°55′47.6178″N, 32°48′37.7598″E (Figure
1). The petrified wood materials were found in and on the
slope of a creek. Petrified woods are white in color and
located in a band-shaped deposit (Figures 2 and 3).
2.2. Geological setting
Petrified wood samples found in the research area are
seen as a layer that is whitish in color and moved into lake
sediments (Figure 3). The study area is located just north
of the North Anatolian Fault (NAF) Zone, which forms the
northern boundary of the Galatean Volcanic Massif and is

located within the 1/100,000 scale geology map of the Bolu
G29 Quadrangle (Bilginer et al., 2002) (Figure 4).
The Galatean Volcanic Massif is composed of Miocene
volcanic, volcanoclastic, and terrestrial sedimentary rocks
on a Paleozoic metamorphic and Mesozoic sedimentary
basement (Fourquin, 1975; Çinku and Orbay, 2003; Varol
et al., 2008). It is assumed that the Galatean Volcanic
Massif, which is one of the 4 volcanic massifs of Anatolia,
consists of two large volcanic phases (Şengör and Yılmaz,
1981). The first phase is believed to have been formed
by the closing of the northern branch of the Neo-Tethys
Ocean during the Late Cretaceous-Early Tertiary period
(Şengör and Yılmaz, 1981; Koçyiğit, 1991). The second
phase is characterized by the development of the NAF and
the second volcanic regime. The second phase ended with
the formation of the cross-Arab-Eurasian block (Koçyiğit,
1989). This volcanic phase includes the Miocene, and
later aged and silicified trees. Two volcanic activities are
observed in the Galatean Volcanic Massif region, in the
Early-Middle Miocene and the Late Miocene. As a result,
an important series of sediment accumulation occurred
(Toprak et al., 1996). The volcanic rocks forming the
massif are chemically collected in two main groups: the
Late Oligocene-Early Miocene calc-alkaline series and the
Late Miocene-Pliocene alkaline series found at the bottom
(Keller, et al., 1992).
Varol et al. (2008) stated that the calc-alkaline volcanic
series occupies a large area in the Galatean Volcanic Massif.
This calc-alkaline sequence, which is stratigraphically
situated at the base, passes to the continental and lacustrine
deposits laterally and vertically. After the discontinuation

Figure 1. Location of the study area.
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Figure 3. Petrified wood pieces in the field. Their colors are
white, distributed on a band.

Figure 2. A white-colored petrified wood.

of Late Oligocene-Early Miocene volcanism, the
terrestrial conditions prevailed in the Galatia area and the
lake deposits were accumulated in the wide plains. The
volcanism started again in the Late Miocene period and
alkaline-basaltic lava covered large areas on continental
deposits.
The fossil site is in the Bolu G29 Quadrangle of the
geology map with scale of 1:100,000 and the Yörük
member of the Pliocene-aged Örencik Formation
(Figures 4 and 5). The Örencik Formation is angular
unconformably over all the older units. The formation
has a thickness of 50–150 m. The rock type characteristics
of the Örencik Formation reflect the river environment.
The terrestrial conglomerate and sandstone alternation,
which constitute the youngest sediments of the region,
were named by Aydın (1987). The lacustrine limestones
associated with the Örencik Formation (Tplö) in the
region were named as the Yörük Member (Tplöy). This
formation outcrops around Eskipazar, Beymelik, and
Çerkeş.
The Yörük member starts with conglomerates at
the base and passes to the tops of the limestones. It is
yellowish, gray, reddish, and medium-thick bedded.
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The gravels are well rounded, poorly sorted, and loosely
attached. The clayey limestones are gray, thick-bedded,
brittle, and scattered. Calcite geodes developed within
these clayey limestones. Normal limestone levels are gray
in color and have plenty of articulation. Due to abundant
joints, it has gained a splinting feature. The limestones
are yellowish-brown and appear travertine. The Yörük
member has an angular unconformity on all units of the
same age. The top of the unit should be worn and no unit
was observed on it (Bilginer et al., 2002).
2.3. Petrified wood and identification
Eleven petrified wood samples were collected from
allochthonous materials at the fossil site. The samples
were coded as YIP (from Yıprak village) and numbered
sequentially. They are deposited in the Wood Anatomy
Laboratory of the Department of Forest Botany, in the
Faculty of Forestry of İstanbul University. Thin slices
were taken along 3 planes of section, the transverse
section (TS), radial longitudinal section (RLS), and
tangential longitudinal section (TLS), and were studied
using transmitted light microscopy.
Wood identifications follow the terminology of the
IAWA Committee (1989) for hardwood identification
and for softwood identification (IAWA Committee,
2004), and the published literature was used in basic
identification (e.g., Greguss, 1955; Jacquiot, 1955;
Greguss, 1967; Barefoot and Hankins, 1982; Fahn et al.,
1986; Schweingruber, 1990, 1993; Tidwell, 1998; Akkemik
and Yaman, 2012; Akkemik et al., 2016) in addition to
online databases such as InsideWood (http://insidewood.
lib.nsc.edu). After finding some interspecific differences,
all related references, including species descriptions, were
used to compare the wood features.
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Figure 4. The geological location of the outcropped units along the northern edge of the Galatean Volcanic Massif, including a segment
of the North Anatolian Fault (NAF) (Bilginer et al., 2002), and the location of the Yıprak fossil area including silicified trees.

3. Results and discussion
3.1. Systematic paleobotany
Order CUPRESSALES Link 1829
Family CUPRESSACEAE Rich. ex Bartling 1830
Subfamily CUPRESSOIDEAE Sweet 1826
Genus CUPRESSINOXYLON Göppert 1850
Species Cupressinoxylon pliocenica Ü. Akkemik sp. nov.
Holotype. YIP01 (Paratype YIP10).

Repository. Fossil collection of the Department of
Forest Botany, Faculty of Forestry, İstanbul University,
İstanbul, Turkey.
Etymology. The epithet pliocenica originates from the
geological time, Pliocene. Because this description was
made from the Pliocene, this epithet was chosen.
Type locality. Close to the village Yıprak of the district
of Çerkeş, province of Çankırı.
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Figure 5. Pliocene-aged Örencik Formation (Yörük member) with fossil specimens, and the positions of the
related units in the generalized stratigraphic section (Bilginer et al., 2002).

Age. Pliocene.
Type horizon. Örencik Formation (Yörük member).
Diagnosis. Growth ring border distinct, transition
from earlywood to latewood gradual, no resin canal,
axial parenchyma common, tracheids mostly circular,
intercellular spaces common, rays uniseriate, ray height
3–15 (1–34) cells, end walls of axial parenchyma cells
smooth and nodular, small tracheidal pitting common
in tangential section, cross-field pits cupressoid and 1–2
pits per cross-field, tracheidal pitting uniseriate in radial
section.
Description: The wood description is given below in
detail.
Transverse section (TS): Annual ring border distinct.
Transition from earlywood to latewood gradual. Latewood
tracheids with thick walls. No resin canal; axial parenchyma
present and abundant. Radial and tangential diameters of
tracheids 26 (14–36) µm and 22 (15–33) µm in earlywood,
and 10 (4–20) µm and 14 (7–20) µm in latewood,
respectively. Tracheids angular and circular, especially in
the latewood. Double cell wall thickness 6.1 (3.6–9.2) µm
in earlywood and 7.2 (5.2–8.5) µm in latewood. Number
of tracheids between two rays 1–11. Intercellular spaces
common in the latewood (Plate I: 1).
Tangential longitudinal section (TLS): Rays uniseriate
and 9–11 per mm. Ray width 13 (9–20) µm, ray height 89
(37–283) µm, 3–15 (1–34) cells (Plate I: 2–3). End walls of
axial parenchyma cells smooth (Plate II: 4) and nodular
(Plate II: 5). Small tracheid pitting common on tangential
walls of tracheid (Plate II: 3). Diameter of tracheid pitting
in TLS 8 (6–11) µm.
Radial longitudinal section (RLS): Cross-field pitting
clearly cupressoid type and 1–2 pits per cross-field (Plate
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I: 4; Plate II: 1). Tracheid pitting on one row (Plate II: 2)
and a decomposition like helical thickening common on
tracheid walls (Plate II: 6). Diameter of tracheid pitting 13
(10–16) µm, and diameter of cupressoid type cross-field
pits 7 (6–8) µm.
Comparison: The wood identified has (1) distinct
growth ring boundaries, and gradual transition from
earlywood to latewood; (2) thick-walled and mostly
circular tracheids with large intercellular spaces; (3)
tracheidal pitting on both radial and tangential surfaces
of tracheids with one row; (4) uniseriate rays, mostly
4–11 (max. 34) cells in height; (5) cupressoid type crossfield pits, 1–2 pits per cross-field; and (6) common axial
parenchyma with nodular and smooth end walls. All these
features belong to Cupressinoxylon and are very similar to
the features of this fossil genus described by Bamford et al.
(2002) (Figueiral et al., 1999; Klusek, 2014; Pujana et al.,
2014). The wood identification leads us to Cupressinoxylon.
More than a hundred species of Cupressinoxylon from
the Cretaceous to Pliocene (133 fossil species in Dijkstra,
1972) were described after being compiled by Goppert
(1850), including all fossil genera of Cupressaceae woods.
Later, new descriptions and revisions continued on this
fossil genus (Vaudois and Prive, 1971; Özgüven-Ertan,
1977; Duperon-Laudoueneix, 1979; Nishida, 1984, 1988;
Bamford et al., 2002; Herbst et al., 2007; Philippe and
Bamford, 2008; Martínez, 2010; Klusek 2014; Pujana et
al., 2014, 2015; Bodnar et al. 2015). Dolezych-Mikolai
(2005) and Klusek (2014) produced a valuable summary
on the revisions of Cupressinoxylon species, and they were
grouped based on the related genera (Table 1).
In light of the revisions (Philippe and Bamford, 2008;
Klusek, 2014), the fossil wood described in this study
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Table 1. A summary list of some Cupressinoxylon species and their synonyms and related modern genera (Duperon-Laudoueneix, 1979;
Dolezych, 2005; Klusek, 2014).
Fossil species

Related modern genera

Juniperoxylon pachyderma (Goeppert) Kraeusel 1949
(Syn: Cupressinoxylon pachderma Goeppert 1850
Cupressoxylon pachyderma (Goeppert 1850) Kraus 1872
Cupressinoxylon neosibiricum Schmalhausen 1890
Cupressinoxylon fissum (Goeppert 1850) Kraus 1872
Cupressinoxylon juniperoides Kraeusel 1913
Juniperus sileciaca Prill. 1913
Juniperoxylon pauciporosum (Prill. 1913) Kraeusel 1919
Juniperoxylon pachyderma (Goeppert 1850) Kraeusel 1949)

Cupressus Linneaus 1753
Diselma Hooker 1857
Fitzroya Hooker & Lindley 1851
Juniperus Linneaus 1753
Libocedrus Endlicher 1847

Sequoia canadensis Schroeter 1880
Sequoia wellingtonioides Prill. 1913
Cupressinoxylon wellingtonioides (Prill. 1913) Krauesel 1919)

Glyptostrobus Endlicher 1847
Metasequoia Hu and Cheng 1948
Taxodium Richard 1810
Sequoia Endlicher 1847

Taxodioxylon gypsaceum (Göppert) Kräusel
Taxodioxylon taxodii Gothan 1906
(Syn: Cupressinoxylon aequele Goeppert 1850
Cupressinoxylon leptotichum Goeppert 1850
Cupressinoxylon apacum Goeppert 1850
Cupressinoxylon multiraditum Goeppert 1850)

?

Cupressinoxylon polonicum (Kostyniuk) Kraeusel 1949

Platycladus Spach 1841
Fokienia Hendry and Thomas 1911
Thuja Linnaeus 1753
Thujopsis Siebold and Zuccarini ex Endlicher 1842
Chamaecuyparis Spach 1841
Microbiota Komarov 1923

Cupressinoxylon gothani Kraeusel 1919

Callitris Ventenat 1808
Widdringtonia Endlisher 1842

Cupressinoxylon cupressoides Kraeusel 1919

Cupressus Linneaus 1753
Chamaecypparis Spach 1841
Taiwania Hayata 1906

Cupressinoxylon hausricanum Hofmann 1927

Cryptomeria japonica D. Don. 1839

Cupressinoxylon luckense (Kostyniuk, 1938) Kraeusel 1949)
Cupressinoxylon xanthocyparioides Dolezych

Xanthocyparis Farjon & T.H.Nguyên

Cupressinoxylon boureaui
Tetraclinis Mast 1893
(Syn: Tetraclinoxylon boureaui) (Grambast) Dolezych & Van der Burgh
Cupressinoxylon kostyniukii Dolezych

? Calocedrus Kurz, 1873

Cupressinoxylon abrardii Boureau 1949
Cupressinoxylon matromnense Grambast 1952

?Taxodioxylon

Cupressinoxylon secretiferum Greguss
Cupressinoxylon callitroides Mathiesen

Callitris

Cupressinoxylon thujoides Mathiesen

Thuja

Cupressinoxylon eschweilerense Van der Burgh

Similar to Cupressus arizonica

Cupressinoxylon hallei Kraeusel 1949

Cupressoxylon cf.gothani Kraeusel 1919

Cupressinoxylon oecenicum Duperon-Laudoueneix 1979

Similar to Cupressus macrocarpa

Cupressinoxylon wellingtonioides (Prill) Kraeusel

Sequoiadendron J. Buchholz 1939
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belongs to Cupressinoxylon and has similar features
to modern Cupressus. When compared to its modern
representative, Cupressus sempervirens L., a unique species
in the Mediterranean Basin, roughly the same wood
features were found (Table 2). Based on these similarities
we considered the wood a new species and named it
Cupressinoxylon pliocenica Ü. Akkemik sp. nov. These
very similar wood features may also give evidence for the
petrified woods possibly being considered as the ancestor
of the modern Cupressus sempervirens in Turkey.
Order CUPRESSALES Link 1829
Family CUPRESSACEAE Rich. ex Bartling 1830
Subfamily SEQUOIOIDEAE Quinn 2000
Genus TAXODIOXYLON Hartig emend. Gothan
1905
Species Taxodioxylon gypsaceum (Göeppert) Kräusel
1949
Material: YIP04, YIP05, YIP08, and YIP11.
Repository. Fossil collection of the Department of
Forest Botany, Faculty of Forestry, İstanbul University,
İstanbul, Turkey.
Locality: Close to the village of Yıprak in the district of
Çerkeş, province of Çankırı.
Age: Pliocene.
Horizon. Örencik Formation (Yörük member)
Description: The wood description is given below in
detail.
Transversal section (TS): Growth rings 0.2–3.0 mm in
width, with distinct boundaries marked by 2–12 rows of
thick-walled latewood tracheids. Latewood very distinct,
earlywood/latewood transition gradual to abrupt. No
resin canals were observed (Plate III: 1–3). Tracheids
angular and thin-walled in earlywood while thick-walled
in latewood. Tangential and radial diameters of tracheids

are 34 (24–45) µm and 41 (27–63) µm in earlywood and
15 (8–22) µm and 7 (1–19) µm in latewood, respectively.
Double wall thickness is 5.6 (3–7.1) µm in earlywood and
15.2 (7.7–23.6) µm in latewood (Table 1). The number
of tracheids between two rays is 1–7. Axial parenchyma
abundant, diffuse in the latewood zone or in the transition
area to latewood (Plate III: 1–3).
Tangential longitudinal section (TLS): Rays are
uniseriate and partly biseriate, 7–11 per mm. Ray width is
14 (11–18) µm and height is 2–60 (mostly 5–20) cells, and
164 (24–534) µm (Plate III: 4–6). Transverse walls of axial
parenchyma cells are smooth (Plate IV: 5).
Radial longitudinal section (RLS): Tracheid pitting 1–3
seriate and mostly biseriate (Plate IV: 1–2). Diameter of
tracheid pitting is 18 (16–22) µm. Crassulae formation
visible (Plate IV: 2). Horizontal and end walls of rays are
smooth. Cross-field pits are taxodioid and 1–4 pits on one
horizontal row per cross-field (Plate IV: 3–4 and 6). Rays
homogeneous in general and ray tracheids present in some
rays (Plate IV: 6). Horizontal diameter of cross-field pits 10
(8–12), vertical diameter 6.6 (6–7) µm.
Comparison: As the woods being studied show a
clear latewood zone, gradual and abrupt transition zone
from earlywood to latewood, smooth transverse walls
of axial parenchyma cells, and 1–3 rows of tracheid pits,
we consider them taxodioid wood. Anatomical features
of the samples are rather similar to Sequoioxylon from
Turkey, described by Akkemik et al. (2005, 2009, 2018)
and Akkemik and Sakınç (2013). Although this type
of wood was mostly named as Sequoioxylon (Greguss,
1967; Basinger, 1981; Blokhina, 1986, 1997; Blokhina and
Nassichuk, 2000; Akkemik et al. 2005, 2009, 2013; Blokhina
et al., 2010), there is debate about the name (Blokhina et
al., 2011; Tian et al., 2018). Some authors use Sequoioxylon

Table 2. Comparison the woods of the fossil Cupressinoxylon pliocenica and modern Cupressus sempervirens L. (Eliçin, 1973; Fahn et al.,
1988; Schweingruber, 1988; Akkemik and Yaman, 2012).
Features

Cupressinoxylon pliocenica

Cupressus sempervirens

Growth ring

Growth ring boundaries distinct. Transition from
earlywood to latewood gradual.

Growth ring border distinct, transition from
earlywood to latewood gradual.

Tracheids

Tracheid pitting in radial walls in earlywood
predominantly uniseriate. No organic deposition.
Intercellular spaces throughout the wood in
transversal section observed. Latewood tracheids
thick-walled.

Rays

Number of pits per cross-field 2–4 (mostly 2), and
their angle about 45° or more. Average ray height
5–15 cells. Max. ray height 34 cells.

Number of pits per cross-field 1–2, and their angle
about 45°. Average ray height 3–15 (1–34) cells (Plate
I: 2–3).

Axial parenchyma

Axial parenchyma common. End walls of axial
parenchyma cells smooth and nodular.

Axial parenchyma present and abundant. End walls of
axial parenchyma cells smooth.
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Tracheid pitting in radial walls uniseriate with thick
walled and mostly rounded; intercellular spaces
common. Latewood tracheids thick-walled.
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and some use Taxodioxylon. According to the most recent
publication (Tian et al., 2018), this type of wood should
be named Taxodioxylon, because it consists of taxodioid
wood without a traumatic resin canal. In this study, we
preferred to use the name of Taxodioxylon as indicated by
Tian et al. (2018).
Taxodioxylon gypsaceum is the most common fossil
species. Specimens have been studied from different
countries in the Balkans and Europe (Prakash et al.,
1971; Selmeier, 1972; Gottwald, 1992; Van der Burgh and
Meijer, 1996; Teodoridis and Sakala, 2008; Dolezych, 2011;
Koutecký and Sakala, 2015). Comparison to T. gypsaceum
showed that they are very similar to each other. In both,
latewood zone is clear, with gradual and abrupt transition
from earlywood to latewood, tracheids polygonal, axial
parenchyma common, traumatic resin canal absent, end
walls of axial parenchyma smooth, and ray height up to
35 cells. These woods are differentiated from the other
close fossil species, Taxodioxylon taxodii Gothan, by the
presence of smooth end walls of axial parenchyma. It is
nodular in T. taxodii.
Taxodioxylon gypsaceum is associated with
Quasisequoia couttsiae Heer. Q. couttsiae is generally
associated with recent Sequoia sempervirens (D. Don.)
Endlicher (e.g., Selmeier, 1972; Teodoridis and Sakala,
2008; Dolezych, 2011; Koutecký and Sakala, 2015) as its
nearest living relative, as well. When we compare this
with the modern Sequoia sempervirens, they are extremely
similar to each other.
Order MAGNOLIALES Juss. ex Bercht. & J.Presl
1820
Family FABACEAE Lindl., 1836
Subfamily CERCIDOIDEAE LPWG 2017
Genus CERCIOXYLON Ü. Akkemik, 2018
Species Cercioxylon zeynepae Ü. Akkemik sp. nov.
Holotype. YIP02.
Repository. Fossil collection of the Department of
Forest Botany, Faculty of Forestry, İstanbul University,
İstanbul, Turkey.
Etymology. The epithet zeynepae originates from the
name Zeynep. It is used in honor of my wife as she has been
the most patient life-partner throughout my scientific life.
Type locality. Close to the village of Yıprak in the
district of Çerkeş, province of Çankırı.
Age. Pliocene.
Type horizon. Örencik Formation (Yörük member).
Diagnosis. Wood semiring to ring porous, vessels in
radial multiples and clusters common, axial parenchyma
paratracheal to vasicentric and in confluent type,
perforation plate simple, banded, and in dendritic to netlike groups with vessels, and axial parenchyma storied, 2–4
cells per parenchyma strands, ray 1–5 seriate (generally 2–4
seriate), multiseriate ray height generally 18–27 (max. 56)

cells, and uniseriate rays 5–15 cells. All rays procumbent
or body ray cells procumbent with one to four square
marginal cells, vestured ray pits common.
Description: The wood description is given below in
detail.
Transverse section (TS): Wood semiring to ring
porous. Vessels in short radial pattern up to 6 cells, and
clusters common. Mean tangential and radial diameters of
earlywood vessel lumina 84 (52–132) µm and 82 (32–135)
µm, respectively, and their shapes almost circular. They
are 30 (11–47) µm and 32 (12–48) µm in the latewood,
respectively. Axial parenchyma paratracheal to vasicentric
and in confluent type. Banded, and in dendritic to net-like
groups with vessels, with 40–100 vessels per square mm.
Fibers thin- to thick-walled (Plate V: 1–3).
Tangential longitudinal section (TLS): Ray 1–5 seriate
(generally 2–4 seriate). Multiseriate ray height generally
18–27 (max. 56) cells in larger rays, and uniseriate rays
5–15 cells. Rays 6–12 per mm (Plate V: 4–5).
Radial longitudinal section (RLS): Rays heterocellular,
body ray cells procumbent with 1–4 square marginal cells
(Plate VI: 1–2). Perforation plates simple (Plate VI: 3).
Intervessel pits alternate, medium (7–10 µm). Vessel-ray
pits with distinct borders; similar to intervessel pits in size
and shape throughout the ray cells. Vestured pits common
(Plate VI: 4–6). Axial parenchyma storied, and 2–4 cells
per parenchyma strands (Plate VI: 7).
Comparison: The characters outlined above indicate
that this wood is very similar to modern Cercis L. woods
(Akkemik and Yaman, 2012). The differences and
similarities are outlined in Table 3. The fossil species
Cercioxylon zeynepae has several differences from the
present representative, Cercis siliquastrum: no helical
thickening in vessels, heterocellular rays, and no prismatic
crystals (Table 3). The other features given in Table 3 are
about the same. Based on this wood structure, the fossil
wood was considered as a new fossil species.
3.2. Long presence of Taxodioxylon in Turkey
Michaux et al. (1979) explained that extinction of
taxodiaceous trees continued during the Late Pliocene and
Early Pleistocene in northern Europe and high altitudes
of Italy, caused by cooling and decreasing precipitation.
Taxodiaceous wood identifications from the late Oligocene
to Pliocene in Turkey (Özgüven-Ertan, 1971, 1983;
Kayacık et al., 1995; Akkemik et al., 2005, 2009; Akkemik
and Sakınç, 2013; Akkemik and Bayam, 2018; Bayam et al.,
2018) (Table 4) also support this idea. The abundance of
fossil woods may show that taxodiaceous trees constituted
broad forests from the late Oligocene to the Pliocene.
Taxodiaceous trees were found in Thrace, central Anatolia,
Gökçeada (Güngör et al., 2019), and the Yıprak fossil site.
This diversity of areas may show that this type of tree lived
in a wide area of Turkey and Europe.
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Table 3. Comparison the fossil species Cercioxylon zeynepae and Cercis siliquastrum L. (Fahn et al., 1986; Akkemik and Yaman, 2012).
Features

Cercioxylon zeynepae

Cercis siliquastrum

Growth ring

Growth ring boundaries distinct.

Growth ring boundaries distinct.

Vessels

Vessel semiring to ring porous. Vessels in short
radial pattern up to 6 cells, and clusters common.
Mean tangential diameters of earlywood vessel
lumina 50–150 µm, and their shapes almost circular.
No helical thickening observed. 40–100 vessels per
square mm. Perforation plates simple. Intervessel pits
alternate, medium (7–10 µm). Vessel-ray pits with
distinct borders; similar to intervessel pits in size and
shape throughout the ray cells. Vestured pits common.
Fibers thin- to thick-walled.

Wood ring to semiring porous. Vessel in dendritic
pattern and tangential bands. Vessels also in radial
pattern up to 8 vessels. Vessel clusters very common.
Mean tangential diameter of earlywood vessel lumina
50–100 µm. Helical thickening present in vessel
elements. Perforation plates simple. Intervessel pits
alternate, medium (7–10 µm). Vessel-ray pits with
distinct borders; similar to intervessel pits in size and
shape throughout the ray cells. 40–100 vessels per
square mm. Vestured pits common. Fibers thin- to
thick-walled.

Axial parenchyma

Axial parenchyma paratracheal to vasicentric and in
confluent type. Banded, and in dendritic to net-like
groups with vessels.

Axial parenchyma paratracheal to vasicentric and in
confluent type. Banded, and in dendritic to net-like
groups with vessels. 2–4 cells per parenchyma strands.

Rays

Rays 1–5 seriate (generally 2–3 seriate). Multiseriate
ray height generally 18–27 (max. 56) cells in larger
rays, and 5–15 cells in uniseriate rays. Body ray cells
procumbent with one to four square marginal cells.
Rays per mm 6–12.

Rays 1–5 (generally 2–4) seriate. Multiseriate ray
height generally 20–40 (max. 71) cells. Larger rays
generally four seriate. All rays procumbent. Rays per
mm 4–12 (mostly 4).

Storied structures

Storied structure in axial parenchyma observed.

Storied structure present. Axial parenchyma and
vessel elements storied.

Mineral inclusions

No crystals observed.

Crystals present in axial parenchyma cells and
marginal cells of rays.

Table 4. Taxodioxylon and Sequoioxylon descriptions from Oligocene to Pliocene in Turkey and from the island of Lesbos
Geological time

Location

Identified wood

Reference

Late Oligocene

Thrace

Sequoioxylon

Özgüven-Ertan, 1971; Kayacık et al., 1995;
Akkemik et al., 2005; Akkemik and Sakınç, 2013

Early Miocene

Lesbos Island

Taxodioxylon gypsaceum

Velitzelos and Zouros, 1997;
Velitzelos et al., 2014

Çamlıdere-Ankara

Sequoia

Akkemik et al., 2009

Kızılcahamam-Ankara

Sequoioxylon

Bayam et al., 2018

Orta-Çankırı

Sequoioxylon

Akkemik and Bayam, 2018

Beypazarı-Ankara

Sequoioxylon gypsaceum

Özgüven-Ertan, 1983

Yıprak-Çerkeş-Çankırı

Taxodioxylon gypsaceum

This paper

Early to Middle Miocene
Late Miocene
Pliocene

According to vegetation units given by Velitzelos et al
(2014) and Güner et al. (2017), Taxodioxylon grows mostly
in riparian and swamp areas. The present representatives
of Taxodioxylon gypsaceum (Sequoia sempervirens) grow
mostly in riparian and lowland conditions with high
precipitation and foggy atmospheres. These growth site
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conditions occurred from the late Oligocene to the late
Pliocene in this region.
4. Conclusion
Petrified wood descriptions revealed two new fossil
species (Cupressinoxylon pliocenica Ü. Akkemik sp. nov.

AKKEMİK / Turkish J Earth Sci
and Cercioxylon zeynepae Ü. Akkemik sp. nov.) from
the Pliocene of central Anatolia. The wood composition
showed that the area had a lowland riparian forest type
and semidry vegetation composed of Taxodioxylon,
Cercioxylon, and Cupressinoxylon. This type of vegetation,
excepting the presence of Taxodioxylon, is quite similar
to the modern vegetation in the Mediterranean region.
Cercioxylon, which was described here, may be the
ancestor of modern Cercis trees in Turkey. Taxodioxylon
grew from the Oligocene to the Pliocene in mainly lowland
humid, riparian, or swamp areas of Turkey. In conclusion,

Taxodioxylon existed almost up to the end of the Pliocene
of northern central Turkey and is now extinct from this
region.
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Plate I. Cupressinoxylon pliocenica. 1) Transversal section with mostly circular tracheids having intercellular spaces; 2–3) tangential
sections; 4) radial section with cupressoid type of cross-field pits.

1

AKKEMİK / Turkish J Earth Sci

Plate II. Cupressinoxylon pliocenica. 1) Cupressoid type cross-field pits; 2) uniseriate tracheidal pitting; 3) pits on tangential walls of
tracheids; 4) smooth end wall of axial parenchyma; 5) nodular end wall of axial parenchyma; 6) decomposition on the walls of tracheids.
Similar to helical thickening.
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Plate III. Taxodioxylon gypsaceum. 1–2) Transversal sections with narrow latewood zone; 3) transversal section with wider latewood
zone; 4–6) uniseriate and partly biseriate rays.
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Plate IV. Taxodioxylon gypsaceum. 1) Triseriate of tracheidal pitting; 2) biseriate tracheal pitting and crassulae formation (white arrow);
3–4) one horizontal row of taxodioid type of cross-field pits; 5) smooth end wall of axial parenchyma; 6) ray tracheid (star).
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Plate V. Cercioxylon zeynepae. 1–2) Ring to semiring porous, and vessels in radial multiples and clusters; 3) paratracheal to vasicentric
and in confluent type axial parenchyma, also banded, and in dendritic to net-like groups with vessels; 4–5) tangential sections with 2–4
seriate rays in general.
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Plate VI. Cercioxylon zeynepae. 1–2) Body ray cells procumbent with one or more square marginal cells; 3) simple perforation plate;
4–5) vestured pits; 6) vessel-ray pitting similar to pits on the vessels; 7) a storied structure of axial parenchyma cells.
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